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Signiﬁcance
The NaOCl/CHX combination may lead to the for-
mation of transient PCA and other degradative
by-products, which can potentially exert toxic ef-
fects on the periapical tissues.Introduction: The literature reveals controversies
regarding the formation of para-chloroaniline (PCA)
when chlorhexidine (CHX) is mixed with sodium hypo-
chlorite (NaOCl). This study aimed to investigate the sta-
bility of PCA in the presence of NaOCl and to examine
the in vitro cytotoxic effects of CHX/NaOCl reaction
mixtures. Methods: Different volumes of NaOCl were
added to CHX (mix 1) or PCA (mix 2). Upon centrifuga-
tion, the supernatant and precipitate fractions collected
from samples were analyzed using high-performance
liquid chromatography. The cytotoxic effects of both
fractions were examined on human periodontal liga-
ment and 3T3 fibroblast cell lines. Results: High-perfor-
mance liquid chromatographic analysis showed no PCA
signal when NaOCl was mixed with CHX (mix 1). In mix
2, the intensity of PCA was decreased when NaOCl was
added to PCA, and chromatographic signals, similar to
that of CHX/NaOCl, were also observed. The mortality
of precipitates exerted on both cell lines was lower
compared with that of supernatants. Conclusions:
The discrepancy in the data from the literature could
be caused by the instability of the PCA in the presence
of NaOCl. The CHX/NaOCl reaction mixture exhibits a
wide range of cytotoxic effects. (J Endod
2017;43:1545–1552)
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JOE — Volume 43, Number 9, September 2017Endodontic failure mayoccur because of bac-
terial persistence in the
root canal system as a
consequence of poor
disinfection and debride-
ment of the pulp space,
untreated canals, inadequate filling, or coronal leakage (1). Mechanical instrumenta-
tion alone cannot completely clean the root canal system (2). Thus, a large array of
irrigating and disinfecting solutions has been used to assist in the debridement of
root canals (3). Commonly used methods of disinfection in endodontic treatments
rely on the use of sodium hypochlorite (NaOCl) followed by the use of other adjunct
irrigants such as chlorhexidine gluconate (CHX).
NaOCl solution is used to irrigate the root canal system because of its dis-
solving action on pulp tissue, other organic materials (4, 5), and bactericidal
properties (6, 7). Unfortunately, in some cases, NaOCl alone is not sufficient
for total disinfection of the root canal system (8, 9). For this reason, other
substances, such as CHX, are used after irrigation with NaOCl to improve
microbicidal properties. CHX is a popular antiseptic compound that shows a
potent effect against most gram-positive and some gram-negative bacteria (10,
11), fungi, and yeast (12). In general, CHX efficacy is related to its concentration
and frequency of use (13). Notably, if NaOCl is still present in the canal when
CHX is added, a brown precipitate is formed (3, 14), with consequent
surface discoloration and a possible negative effect on the sealing ability of the
obturation material and outcome of the treatment (14–16). Thus, an
intermediate flush should be used after each irrigating solution followed
by dryness of the canals to prevent further reactions among the components
(17, 18).
Studies found that the brown precipitate contains a significant amount of
para-chloroaniline (PCA) detected through X-ray photoelectron spectroscopy,
time-of-flight secondary ion mass spectrometry (19), and gas chromatography–
mass spectrometry (20). However, investigators (21) found that no PCA was detect-
able when nuclear magnetic resonance was used. The same finding was observed in
a recent study when analysis was performed using high-performance liquidniversita Cattolica del Sacro Cuore, Largo Francesco Vito, Rome, Italy; †Istituto di Chimica del Ric-
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TABLE 1. Experimental Conditions Used in Cytotoxic Studies
Cell types Specimens Incubation time Dilutions
3T3 or HPLFs 1 mL 2.0% CHX + 1 mL
6.0% NaOCl
Supernatants
30 min, 120 min, 24 h 1:1; 1:2; 1:4; 1:8; 1:16, and 1:32
3T3 or HPLFs 1 mL 2.0% CHX + 1 mL
6.0% NaOCl
Precipitates
30 min, 120 min, 24 h 1:1000, 1:2000, 1:4000, 1:8000, and 1:16,000
CHX, chlorhexidine; HPLFs, human periodontal ligament fibroblasts; NaOCl, sodium hypochlorite.
Basic Research—Technologychromatography (HPLC), proton nuclear magnetic resonance spec-
troscopy, thin-layer chromatography, infrared spectroscopy, and
gas chromatography–mass spectrometry (22).
Studies showed that PCA can be rapidly oxidized to p-chloronitro-
benzene (PCN) (15, 23, 24), and both compounds have been proven
carcinogenic in animals (25, 26). The present study aimed to
investigate the stability of PCA in the presence of the oxidant effects of
NaOCl and to evaluate the toxic effects of the CHX and NaOCl reaction
mixture and degradative by-products on 2 cell types (3T3-Swiss Albino
mouse fibroblasts cells and human periodontal ligament fibroblasts
[HPLFs]).Figure 1. (A) The chromatographic profile of CHX. (B) The chro-
matographic profile of CHX in the presence of 0.12% NaOCl. (C) The
chromatographic profile of CHX in the presence of 0.48% NaOCl (6%).
(D) The chromatographic profile of PCA. (Insert) The chromatographic
profile of PCN.
1546 Nocca et al.Materials and Methods
Unless otherwise specified, all chemicals and reagents used in this
study (cell culture grade) were obtained from Sigma-Aldrich, St Louis,
MO.Preparation of CHX/NaOCl and PCA/NaOCl Reaction
Mixtures
Reaction mixtures were prepared by the addition of 1 mL 2% CHX
to 4 different volumes of 6.0% NaOCl as follows: group 1, 20 mL NaOCl
(the final NaOCl concentration was 0.12%); group 2: 40 mL NaOCl (the
final NaOCl concentration was 0.24%); group 3: 80 mL NaOCl (the final
NaOCl concentration was 0.48%); and group 4: 160mL NaOCl (the final
NaOCl concentration was 0.96%).
PCA was dissolved in methanol at a concentration of 5 mg/mL, and
1 mL of this solution was mixed with 20 mL of 6% NaOCl (group 1),
40 mL (group 2), 80 mL (group 3), and 160 mL (group 4). A reaction
mixture between 0.2 mL 0.2% NaOH (pH = 9.0) and PCA (5 mg/mL in
CH3OH) was also prepared to verify the effect of high alkalinity in the
reaction product formation.
A standard solution with PCN was analyzed to identify the
chromatographic peak. The specimens were centrifuged
(13,400g for 5 minutes), and the supernatants were collected
and filtered using an ion chromatography Acrodisc (13-mm sy-
ringe filter [0.2-mm Supor PES membrane; Pall Italia Srl, Bucci-
nasco, Milan, Italy]). Precipitates were resuspended in 1 mL
CH3OH and filtered using the system described previously. Before
high-performance liquid chromatographic analysis, both superna-
tants (SNs) and precipitates (PRs) were further diluted in
CH3OH (from 4-fold to 20-fold).
HPLC. High-performance liquid chromatographic separations were
performed using a Discovery HS C18 column (250 mm  4.6 mm,
5 mm [SUPELCO; Supelco Park, Bellefonte, PA]) at a flow rate of
0.7 mL/min with detection at 214 nm. Themobile phase was constituted
by a mixture of water (A) and acetonitrile (CH3CN) (B) using a gradient
elution starting from 50% (B) to 70% (B) for 10 minutes and then to
85% (B) for 5 minutes. CHX, PCA, and PCN chromatographic condi-
tions were obtained using solutions prepared with standards before
the analysis of reaction mixtures. Each experiment was repeated 3
times.
Cytotoxicity Evaluation on HPLFs and 3T3 Fibroblasts.
Cell culture. HPLFs were obtained and cultured as discussed in
a previous study (27). Mouse 3T3 fibroblasts (Swiss albino mouse
cell line; Istituto Zooprofilattico, Brescia, Italy) were cultured in
Dulbecco modified Eagle medium supplemented with 4-(2-hydrox-
yethyl)-1-piperazineethanesulfonic acid (10 mmol/L), glucose
(1 g/L), NaHCO3 (3.7 g/L), penicillin (100 U/mL), streptomycin
(100 mg/mL), and 10% fetal calf serum. Both cell lines wereJOE— Volume 43, Number 9, September 2017
Figure 2. Chromatographic profiles of PCA with 0.12% NaOCl (pink), PCA with 0.24% NaOCl (black), PCA with 0.48% NaOCl (blue), and PCA with 0.96% NaOCl
(green).
Basic Research—Technologycultured in tissue culture flasks and incubated in 5% CO2 atmo-
sphere at 37C. The media were changed every third day.
Cell treatment. HPLFs and 3T3 fibroblasts (1  104) in 0.2 mL
Dulbecco modified Eagle medium were seeded into each well of a
96-well tissue culture plate (Costar, Cambridge, MA), cultured to a sub-
confluent monolayer, and incubated in 5% CO2 at 37
C for 24 hours.
The reaction mixtures were prepared by mixing 1.0 mL 2% CHX
with 1 mL 6% NaOCl. The mixtures were centrifuged (at 13,400g for
5 minutes), and the PRs were resuspended in 0.2 mL dimethyl sulf-
oxide; then, both fibroblast cell lines were incubated with PR and
SN dilutions as mentioned in Table 1 for 30 minutes, 2 hours,
and 24 hours. Dimethyl sulfoxide concentration was kept at a per-
centage of <0.1% throughout the experiment. After incubations (at
37C in a humidified atmosphere), the cytotoxicity induced by
PRs and SNs was evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT).
Cytotoxicity evaluation. The MTT test was performed accord-
ing to Wataha et al (28). At each time interval, the MTT solution
(20 mL) in phosphate-buffered saline (5 mg/mL) was added to
the medium (0.2 mL), and after incubation (4 hours at 37C),
the intracellular formazan crystals produced were solubilized
with a solution of HCl in isopropanol (4  102 N, 0.2 mL).
The optical density (OD) of the solution contained in each well
was determined using an automatic microplate photometerFigure 3. PCA peak area in the presence of different concentrations of NaOCl
(or NaOH) versus pure PCA. ***P < 0.001
JOE — Volume 43, Number 9, September 2017(Packard Spectracount; Packard BioScience Company, Meriden,
CT) at a wavelength of 570 nm.
Each experiment was performed in sextuplicate and repeated 4
times, and the cell mortality was calculated according to the following
equation (27):
Cell mortality ¼ Control OD Sample OD
Control OD
 100
Specimens were rated as slightly, moderately, or severely cytotoxic
when the toxic effects, relative to controls, were less than 30%, between
30% and 60%, or greater than 60%, respectively (29).
Statistical Analysis
Data were expressed as mean  standard deviation, taking
into consideration at least 3 different experiments performed in
duplicates. The means were compared by analysis of variance fol-
lowed by a multiple comparison (if the difference is significant) of
means using the Student-Newman-Keuls test. The level of signifi-
cance was set at 0.05.
Results
High-performance Liquid Chromatographic Analysis of
Supernatants of CHX/NaOCl and PCA/NaOCl Reaction
Mixtures
High-performance liquid chromatographic analysis of the CHX
standard (2% in H2O, pH = 8.00) showed the presence of a chro-
matographic signal with a 3.0-minute retention time (RT)
(Fig. 1A). Other chromatographic signals were observed before
and after the peak of CHX when 20 mL NaOCl (6%) was mixed
with CHX (Fig. 1B). At a volume of 80 mL NaOCl, the chromato-
graphic peaks were decreased in number, and other signals
were evident with the RT ranging between 20 and 25 minutes
(Fig. 1C). Under these experimental conditions, the formation of
chromatographic peaks at the RT of PCA was not observed
(Fig. 1C and D), but a signal ascribed to PCN was elicited
(Fig. 1D insert) with other degradation products.
The high-performance liquid chromatographic signal intensity of
PCA was decreased when NaOCl was added and disappeared completely
after the addition of 160 mL NaOCl (0.96% final concentration of
NaOCl) (Figs. 2 and 3). At the same time, signals with an RT between
20 and 25 minutes were produced (Fig. 2), which is similar to whatEvaluation of CHX and NaOCl Reaction Mixtures 1547
Figure 4. Chromatographic profiles of CHX with 0.12% NaOCl (green), CHX with 0.24% NaOCl (black), CHX with 0.48% NaOCl (pink), and CHX with 0.96%
NaOCl (blue).
Basic Research—Technologywas observed for CHX (Fig. 1C). The addition of NaOH to PCA did not
provoke PCA degradation (Fig. 3).
High-performance Liquid Chromatographic Analysis of
Precipitates of CHX/NaOCl and PCA/NaOCl Reaction
Mixtures
High-performance liquid chromatographic analysis of PRs of CHX/
NaOCl reaction mixtures showed the presence of many chromato-
graphic signals with 2–3 minute and 20–25 minute RTs (Fig. 4). The
intensities of all peaks increased when the NaOCl concentration
increased. High-performance liquid chromatographic analysis of the
PRs of PCA/NaOCl reaction mixtures showed signals with 2–3 minute
and 20–25 minute RTs (Fig. 5), as observed in the CHX/NaOCl reaction
mixtures.
Cytotoxic Effects of the Brown Precipitates Formed by
CHX/NaOCl Reaction Mixtures
Results showed that the cytotoxic effects of the dissolved brown
precipitate were slight on both cell lines (HPLFs and 3T3 fibro-
blasts). Figure 6A and B show the cell mortality values at all time
intervals.
Cytotoxic Effects of Supernatants from CHX/NaOCl
Reaction Mixtures
The results showed severe cytotoxic effects on HPLFs after
30 minutes of incubation (Fig. 7A and B and Table 2). On the
other hand, the cytotoxic effects of these supernatants on theFigure 5. Chromatographic profiles of PCA with 0.12% NaOCl (green), PCA
with 0.24% NaOCl (black), PCA with 0.48% NaOCl (pink), and PCA with
0.96% NaOCl (blue).
1548 Nocca et al.mouse 3T3 fibroblasts were obviously dependent on the reagent
concentrations. Furthermore, the toxic effects induced by other di-
lutions increased over time (Fig. 7).
Discussion
The literature shows controversies with regard to the formation of
toxic PCA when NaOCl is mixed with CHX (19, 22, 30). Some studies
observed the presence of PCA in brown precipitates (19, 20, 30),
whereas others did not (21, 22). These contrasting results may be
attributed to the different experimental conditions, potential artifacts
of the analytic method, and/or the instability of PCA in the presence
of NaOCl shown in the present study.
CHX reacts with NaOCl forming small molecules (19), some
of which are insoluble in water and thus precipitate. In the present
study, HPLC was used to analyze both SNs and PRs from the reac-
tion mixtures. Several chromatographic signals derived from CHX
degradation were observed, but no PCA was detected. This might
be attributed to the oxidant characteristics of NaOCl that rapidly
transform PCA to PCN and other reaction-derived by-products
(Figs. 2 and 5). For this reason, PCA may become undetectable
as shown in previous studies.
To verify this hypothesis, we evaluated the stability of PCA in the
presence of increased concentrations of NaOCl, in both SNs and PRs,
and the results indicated that PCA likely undergoes an oxidation to
PCN traces, which were observed in CHX/NaOCl and PCA/NaOCl reaction
mixtures (Fig. 1D). Notably, the degradation is not pH dependent as
observed with the addition of NaOH.
The chromatograms obtained from the CHX/NaOCl and PCA/NaOCl
reactionmixtures showed some signals having the same RT in both con-
ditions (about 20–25 minutes). This result confirms that PCA has a
short half-life because of the presence of hypochlorite giving rise to de-
rivative by-products.
The biological impact of an endodontic irrigating solution is
significant because toxicity against the periapical tissue can delay
wound healing and worsen tissue damages; thus, cytotoxicity assays
were performed. Results of the present study are consistent with 1
investigation that showed that the precipitate is more cytotoxic than
NaOCl and CHX alone when implanted under the skin of an animal
model (31). This is contradicted with a recent study that showed
that the NaOCl/CHX combination exerted less cytotoxic effects on
human lung fibroblasts than the single irrigants (32). Apart
from different methodological procedures, it does not seem appro-
priate to correlate such findings with the clinical situation because
cell types that would be in contact with this combination in clinicalJOE— Volume 43, Number 9, September 2017
Figure 6. Cytotoxic effects induced by PRs formed by reaction mixtures between CHX and NaOCl on (A) 3T3 Swiss and (B) HPLFs. **P < 0.01
Basic Research—Technologysettings may react differently, which has been shown in the present
study with supernatants from CHX/NaOCl reaction mixtures. This is
why a cell type that is closely related to the human tooth (HPLFs)
was 1 of the 2 cell lines chosen for the present study.JOE — Volume 43, Number 9, September 2017Experiments on CHX/NaOCl reaction mixtures at different di-
lutions in both SNs and PRs (which had not yet been reported in
the scientific literature) showed that the mortality induced by PRs
was lower (10%–20%) than that induced by SNs in allEvaluation of CHX and NaOCl Reaction Mixtures 1549
Figure 7. Cytotoxic effects induced by SNs from the reaction mixtures between CHX and NaOCl on (A) 3T3 Swiss and (B) HPLFs.
Basic Research—Technologyexperimental conditions. Conversely, when SNs were considered,
the mortality was dependent on the concentration and incubation
time, especially with mouse 3T3 fibroblasts (Fig. 7). This finding
indicates the CHX/NaOCl reaction mixture is composed of a variety
of chemical components that have wide ranges of potential cyto-
toxic effects. This also may explain inconsistencies among different
cytotoxicity studies (31, 32).
Based on the previous discussion, incorporating thorough in-
termediate flushes between each irrigant followed by drying of the
canal before the next solution is essential to prevent the formation1550 Nocca et al.of by-products (17, 18). A number of intermediate canal flushes,
such as distilled water, saline, alcohol, and others, have been
recommended to remove residues of NaOCl before the use of
CHX (17, 18, 30, 33). However, a recent study showed that
intermediate flushes failed to prevent the precipitation of
residues on canal walls (33), probably because of the complex ca-
nal anatomy, which may complicate the complete removal of NaOCl
residues. Therefore, practitioners should follow preventive guide-
lines to minimize precipitate formation, and NaOCl/CHX combina-
tion should be used only when indicated (18).JOE— Volume 43, Number 9, September 2017
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JOE — Volume 43, Number 9, September 2017Conclusions
The discrepancy of the data in the literature could be caused by the
instability of the PCA in the presence of NaOCl. The favorable cytotoxic
profile of the CHX/NaOCl reaction mixture could be ascribed to the
oxidant effects of NaOCl on reaction products.
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